One sentence summary: Different twig diameters did not affect decomposition rate over a seven-year period, but caused differences in microbial community abundance and composition.
INTRODUCTION
Plant litter turnover represents a crucial process in the global carbon (C) cycle, controlling major C input to the soil and C release back into the atmosphere (Schimel et al. 1994; Berg 2000) . Besides leaf litter, roots, and root exudates, woody debris is another significant source of plant-derived organic C in soil (Harmon et al. 1986; Yin 1999; Siitonen 2001) . Non-leaf litter constitutes on average 30% of the total aboveground litter in temperate forests (Bray and Gorham 1964) and thus may largely contribute to C input in forest soils (Berg and McClaugherty 2008) .
Despite this fact, a major part of decomposition research has focused on the decomposition of leaf litter (e.g. Melillo et al. 1989; Quideau et al. 2005; Steffen et al. 2007; Berg and McClaugherty 2008; Prescott 2010; Treseder et al. 2014) , and investigations on non-leaf litter were mainly limited to coarse woody debris (CWD; typically greater than 10 cm in diameter; Harmon and Sexton 1996) in the form of dead standing and fallen trees or tree blocks and stumps (Harmon et al. 1986; Magnússon et al. 2016) . Although woody debris smaller in diameter (less than 10 cm) such as small branches and twigs may account for a substantial part of dead wood, it has received limited attention (Scheu and Schauermann 1994; Jackson, Peltzer and Wardle 2013) . Dead branches and twigs likely play an important role in long-term C turnover (Scheu and Schauermann 1994; Van Der Wal, Ottosson and De Boer 2015) and C sequestration (Russell et al. 2015; Magnússon et al. 2016) due to their slow decomposition rates compared with leaf litter. Twigs are highly resistant against microbial activity (Baldrian et al. 2016) and their comparatively high diameter and lower surface-to-volume ratio compared with leaves slows down microbial colonization and most likely also affects microbial community composition and activity (Van Der Wal et al. 2007) .
The surface-to-volume ratio has thus been considered as a predictor of the decomposition rate of wood as it should largely drive the development of the associated microbial community (Li et al. 2007 ). However, information on the effects of twig diameter and surface-to-volume ratios on microbial colonization and decomposition is still scarce and inconsistent (Harmon et al. 1986; Li et al. 2007) . Twigs and branches with lower surface-tovolume ratios (higher diameter) provide less area for microbial colonization and unfavourable environmental conditions such as a lack of nutrients and moisture (Tuomi et al. 2011) , so that relatively more substrate should be protected from microbial attack. Larger twigs should thus favour the colonization by fungi over that by bacteria (Van Der Wal et al. 2007 ) because fungi are capable of penetrating inaccessible wood tissue by their hyphae. In contrast, high surface-to-volume ratios (low diameter) provide not only more space for microbial colonization, but also a higher common surface with soil that is potentially vulnerable to physical decay pathways such as leaching. Substrate should thus decompose faster (Harmon et al. 1986; Berg and McClaugherty 2008) and, compared with large twigs, favour bacterial colonization. Some studies, however, found opposite relationships between surface-to-volume ratios and decomposition rates (e.g. Van Der Wal et al. 2007) . These inconsistencies perhaps result from diverging microbial community shifts in twigs of different diameter that are expected to occur due to diverging changes of substrate properties from early to later stages of decomposition (Kaiser et al. 2010; Voříšková and Baldrian 2013) .
To investigate potential relationships between twig diameter, microbial community and decomposition, we compared the decomposition rates of wood litter of various diameters and analysed development, composition and activity of the associated microbial community during a seven-year field experiment. The microbial measures included microbial respiration, the microbial biomarkers ergosterol and phospholipid fatty acids (PLFA), and DNA analyses, providing information on functional and taxonomic groups. This combination of measures allowed us to evaluate microbial succession over the experimental period. We hypothesized that a low diameter (higher surfaceto-volume ratios) will result in faster microbial colonization, and an increased decomposition rate compared with twigs with a high diameter (lower surface-to-volume ratios). Due to the anticipated faster decomposition process, we also expected that successive changes in microbial community composition will be faster in low-diameter twigs. We further hypothesized that bacteria would be relatively more important in low-diameter twigs while fungi would be relatively more important in highdiameter twigs, given their ability to better access woody tissues.
MATERIALS AND METHODS

Study area, study site and sampling
The decomposition experiment was conducted in the Sokolov brown-coal mining district (Czech Republic, 450-520m above sea level). Spoil heaps were formed during the last 40 years by the piling of overburden. The overburden consisted mainly of alkaline tertiary clay with a predominance of illite and kaolinite (Frouz et al. 2013; Šnajdr et al. 2013) . The mean annual precipitation is 650 mm, and the mean annual temperature is 6.8
• C.
Although most of the spoil heap was reclaimed, several parts were covered by spontaneously developed vegetation. For the purposes of this study, an unreclaimed site with a predominance of willow (Salix caprea) was used. Soil chemical properties of the site are presented in Supplementary Table S1 . Wood of Salix caprea has moderate bacteriostatic effects and is known to contain flavonoids that inhibit wood-decaying fungi (Malterud et al. 1985) .
Previous research at the same sites (Frouz et al. 2015) showed that willow has a large proportion of dead branches and twigs, representing about 20% of aboveground biomass. Because dead twigs are also an important component of litter fall, we were interested in the decomposition of dead twigs. Being able to investigate dead twigs with the same history, we benefitted from leftover willow harvested in April 2006 for the determination of allometric equations (Frouz et al. 2009 ). Twigs, 0.5 cm (thin) and 2.5 cm in diameter (thick), were collected six months after willows were felled. Only twigs that were not in contact with soil were used. Sampled twigs were thus at the same stage of senescence, and decomposition should have been minimal apart from commencing leaching and withdrawal processes of C and nutrients (Berg and McClaugherty 2008) . The twigs were dry and had a visible cover of epiphytes.
Thin and thick twigs (˜14cm long; 50 g of dry material per bag; combined for analyses of the initial material), respectively, were placed into nylon litterbags (10 × 18 cm), each type in 20 replications. Litterbag mesh size was 42 μm so that a potential mixing with allochthonous material was minimized and the access of microbiota and microfauna enabled. In March 2007, litterbags were placed within the top of the litter horizon at the respective site where the material was collected. Understory was absent. Litterbags were collected after one, two, three, five and seven year(s) in at least three replications. Potential penetration of roots into the litterbags could not be observed during the experiment.
Sample preparation and analyses
Collected twigs were used for the calculation of mass loss and microbial community analyses. Because samples may have been contaminated with dust and/or soil particles in the litterbags, aliquots of the dry twigs were incubated at 550
• C for 6 h to determine the amount of inorganic material within each sample. Organic matter (OM) content in the incubated samples was then used for OM mass loss calculation during the experiment (expressed as percentage of initial mass; Aerts and de Caluwe 1997). Twigs (three replicates for each sampling time) were further used for analysis of (i) microbial respiration, (ii) ergosterol, (iii) PLFA, (iv) DNA, and (v) enzymatic activity. Samples for ergosterol and PLFA analyses were freeze-dried and immediately analysed after each sampling event. Samples for DNA extraction were homogenized by milling to fine powder, frozen and stored at −80 • C until processed.
For respiration measurements, twigs after each sampling event were placed in airtight vessels and incubated for three days. Released carbon dioxide reacted with 1 N NaOH contained in a small vial placed inside each vessel. Released carbon dioxide was quantified by back titration of unreacted NaOH with 1 N HCl after BaCl 2 addition. Ergosterol was extracted as described byŠnajdr et al. (2008) . Briefly, samples were sonicated with 10% KOH in methanol. After addition of distilled water, samples were extracted with cyclohexane. Quantification was achieved using a Waters Alliance HPLC system (Waters, USA) with methanol as the mobile phase at a flow rate of 1 ml min −1 . Ergosterol was detected by UV detection at 282 nm. The microbial community developed on the twigs was estimated by PLFA analysis. Litter samples were extracted using a chloroform-methanol-phosphate buffer mixture (1:2:0.8). Lipids were separated with solid-phase extraction cartridges (LiChrolut Si 60, Merck) and the phospholipid fraction was subjected to mild alkaline methanolysis (Šnajdr et al. 2008) . The free methyl esters of PLFAs were analysed by GC-MS (450-GC, 240-MS ion trap detector, Varian, Walnut Creek, CA, USA). Bacterial biomass was quantified as the sum of 10Me-16:0, 10Me-17:0, 10Me-18:0 (actinobacteria), i14:0, i15:0, a15:0, i16:0, i17:0, a17:0 (gram-positive (G+) bacteria), 16:1ω7, 18:1ω7, cy17:0, cy19:0, 16:1ω5 (gram-negative (G−) bacteria), 15:0, 16:1ω9, 17:0, and fungal biomass was quantified based on 18:2ω6,9 content. The F/B ratio was calculated as PLFA fungi /PLFA bact .
DNA extraction and sequencing
DNA from each sample was extracted in triplicate using the modified method of Miller (Sagova-Mareckova et al. 2008) . Briefly, 180 mg of freeze-dried material were incubated with 1 M CaCO 3 solution for 1 h and subsequently extracted by the phenol-chloroform method. DNA extracts were purified using a Geneclean Turbo Kit (Biogenic) following the manufacturer's instructions, and the replicates of each sample were pooled together and stored at −20
• C before further use. For the microbial community analysis, PCR amplification of the fungal ITS2 region of the DNA was performed using the barcoded primers gITS7 and ITS4 as described previously (Žifčáková et al. 2016) . The V4 region of the bacterial 16S rRNA was amplified using the barcoded primers 515F and 806R. PCR was performed in triplicate for each sample, and the resulting amplicons were purified, pooled and subjected to sequencing on the Illumina MiSeq. Preprocessing of the amplicon sequencing data was done using the pipeline Seed 2.0.3 . The pair-end reads were merged using fastq-join (Aronesty 2013) . For the bacterial 16S data, whole amplicons were processed, whereas the ITS2 region was extracted using ITSx 1.0.8 (Nilsson et al. 2010) before processing. Chimeric sequences were detected using Usearch 8.0.1623 (Edgar 2010) and eliminated from subsequent analysis. The remaining sequences were clustered using Uparse implemented within Usearch (Edgar 2013) at a 97% similarity level. Consensus sequences were constructed for each cluster, and the closest hits at a genus or species level were identified using blastn against the Ribosomal Database Project (Cole et al. 2014 ) and GenBank for bacteria or UNITE (Kõljalg et al. 2013) and GenBank for fungi. Sequences identified as non-bacterial or non-fungal were discarded. Categorization into fungal ecophysiological groups was based on published literature, definitions of the groups being the same as in Tedersoo et al. (2014) . Diversity indices were calculated on randomly sampled subsets of all samples (n = 2000 for bacteria, n = 1000 for fungi) in Seed 2.0.3 . Sequence data have been deposited in the MG RAST public database under accession numbers mgl657648 (fungi) and mgl657651 (bacteria) (Meyer et al. 2008) .
Enzyme assays
For enzyme activity measurement of the exo-cleaving hydrolases, 0.5 g of sample was homogenized in 50 mL of 50 mM sodium acetate buffer (pH 5.0) using an UltraTurrax (IKA Labortechnik, Germany) for 3 min at 8000 rev min −1 in an ice bath and the assay was performed in the homogenate (Štursová and Baldrian 2011). (Baldrian 2009 ). The substrates (40 mL in DMSO) at a final concentration of 500 mM were combined with three technical replicates of 200 mL of extracts in a 96-well plate. For the background fluorescence measurement, 200 mL of 50 mM sodium acetate buffer (pH 5.0) was combined with 40 mL of MUF standards to correct the results for fluorescence quenching. The multiwell plates were incubated at 40
• C, and the fluorescence was recorded after 5 min and 125 min using a microplate reader (Infinite, TECAN, Austria) at an excitation wavelength of 355 nm and an emission wavelength of 460 nm. The quantitative enzymatic activities after blank subtraction were calculated based on a standard curve of MUF. One unit of enzyme activity was defined as the amount of enzyme releasing 1 nmol of MUF per min and expressed per g soil dry mass. To analyse the activity of endo-cleaving polysaccharide hydrolases and ligninolytic enzymes, homogenized samples were extracted at 4 • C for 2 h on an orbital shaker (100 rpm) with 100 mM phosphate buffer, pH 7 (16:1 w/v), filtered through Whatman #5 filter paper and desalted using PD-10 desalting columns (Pharmacia, Sweden) according to the supplier's protocol to remove inhibitory small molecular mass compounds (Baldrian 2009 ). Laccase (EC 1.10.3.2) activity was measured by monitoring the oxidation of 2, 20-azinobis-3-ethylbenzothiazoline-6-sulfonic acid in citratephosphate (100 mM citrate, 200 mM phosphate) buffer, pH 5.0, at 420 nm (Bourbonnais and Paice 1990) . Endocellulase (EC 3.2.1.4) and endoxylanase (EC 3.2.1.8) activities were measured with azo-dyed carbohydrate substrates (carboxymethyl cellulose and birchwood xylan, respectively) using the protocol of the supplier (Megazyme, Ireland). The reaction mixture contained 0.2 mL of 2% dyed substrate in 200 mM sodium acetate buffer (pH 5.0) and 0.2 mL of the sample. The reaction mixture was incubated at 40
• C for 60 min, and the reaction was stopped by adding 1 mL of ethanol followed by vortexing for 10 s and centrifuging for 10 min at 10 000 × g (Baldrian 2009 ). The amount of released dye was measured at 595 nm, and the enzyme activity was calculated according to standard curves correlating the dye release with the release of reducing sugars. One unit of enzyme activity was defined as the amount of enzyme releasing 1 mmol reducing sugars per min. Enzyme activity was expressed per g soil dry mass. Manganese peroxidase (EC 1.11.1.13) was assayed using a succinate-lactate buffer (100 mM, pH 4.5). 3-Methyl-2-benzothiazolinone hydrazone and 3,3-dimethylaminobenzoic acid were oxidatively coupled by enzymes, and the resulting purple indamine dye was detected at 595 nm (Ngo and Lenhoff 1980) . The results were corrected by the activities of the samples without manganese (for MnP) -the addition of manganese sulfate was substituted by an equimolar amount of ethylenediaminetetraacetate.
Statistical analyses
General Linear Models (GLM) were used for evaluating the effects of both twig diameter and decomposition time on twig mass loss, respiration, and microbial biomass content. For each year, differences in mass loss, respiration, microbial biomass content, and enzymatic activities between thick and thin twigs were tested using Student´s t-test. Effects of environmental variables (time, twig diameter) on microbial communities were tested using permutational multivariate analysis of variance (PERMANOVA). Only OTUs whose relative abundance was at least 0.5% in at least three samples were considered for all statistical analyses, and the species data were Hellinger-transformed prior to analyses. All computations were made using the statistical program Statistica 13 or R v. 3.2.5 (R Development Core Team 2016).
RESULTS
Twig mass loss, respiration and microbial biomass
The twig diameter did not affect the mass loss rate (GLM, P = 0.53; Fig. 1) , and so the mass loss was thus affected solely by time (GLM, P < 0.001). The mass continually decreased for both thin and thick twigs. There was no exponential decrease during any part of litter decomposition and the mass loss process was approximately linear (Fig. 1) . Heterotrophic respiration was affected by both time (GLM, P < 0.001) and twig diameter (GLM, P < 0.001, Fig. 2a) . The respiration decreased with time for thin twigs as the highest respiration was observed after one year of decomposition, was lower in the second and third years, and decreased further in the fifth and seventh years (Fig. 2a) . The respiration of thick twigs decreased more gradually (Fig. 2a) , as from the second year thin twigs showed lower values of respiration than thick twigs (Fig. 2a) .
Fungal biomass determined as ergosterol content was significantly higher in thin than in thick twigs (GLM, P < 0.001; Fig. 2b ). Ergosterol content did not change during decomposition in either thin or thick twigs (GLM, P = 0.24). Only in thick twigs, ergosterol tended to increase from the third year with a peak in the fifth year (Fig. 2b) .
The amount of microbial biomass, determined as PLFA total , did not significantly differ between thin and thick twigs (GLM, P = 0.09; Fig. 2c ). The microbial biomass was, however, significantly higher in the fifth year and marginally higher (P < 0.1) in the first and third years in the thin than in the thick twigs. In both types of twigs, the highest amount of PLFA total was observed in the seventh year. The highest F/B ratio was observed in the initial twigs and within the second and third years in the thick twigs. Generally, the F/B ratio was higher or tended to be higher in thick than in thin twigs (Fig. 2d) .
Enzyme activity
Thin twigs showed higher enzyme activities than thick twigs after one year of decomposition with the exception of phosphatase and laccase (Fig. 3) . Thereafter, the activities of enzymes in thin and thick twigs were equal in the case of endocellulase, phosphatase and laccase, and lower in thick twigs for exocellulase, β-galactosidase, α-glucosidase, β-xylosidase, β-glucosidase, N-acetylglucosaminidase and lipase. Thick twigs had higher activities of endoxylanase after two years of decomposition, and of laccase after three years of decomposition (Fig.  3) . Manganese peroxidase was only occasionally recorded in individual samples and no general patterns could be observed.
Microbial community associated with twig litter
We obtained 61 101 fungal sequences which clustered into 1055 OTUs including 504 singletons. In thick twigs, fungal species richness and diversity was greatest in the first year and significantly decreased during the progression of decomposition (P < 0.05, Supplementary Fig. S1 , Supplementary Tables S2, S3) . In thin twigs, species richness also tended to decrease but the effect was not significant. In the initial stage of decomposition, the majority of twig-associated fungi were identified as lichenized (34%), yeasts (32.5%) and saprotrophs (21.4%, Fig. 4 ). During twig decomposition, the relative abundance of saprotrophs increased to more than 90% and the relative abundance of yeasts decreased to less than 1%. Lichenized fungi almost disappeared completely after one year of decomposition. Saprotrophs represented the most numerous fungal guild during the whole course of decomposition in both types of twigs with the exception of the seventh year of thin twig decomposition when their relative abundance decreased to 42.5%. Ectomycorrhizal fungi appeared in the twig litter in the later stages of decomposition, which was especially the case for thin twigs -in the last year, when almost 56% of sequences belonged to ectomycorrhizal fungi (Fig.  4) . After one year of decomposition, an occurrence of mycoparasitic fungi was observed; however, they disappeared one year later (Fig. 4) .
According to PERMANOVA, time had the major effect on fungal community composition (R 2 = 0.24, P = 0.001), followed by twig diameter (R 2 = 0.08, P = 0.008) and interaction of the two (R 2 = 0.05, P = 0.04, Table 1 ). Initial twig litter was mainly colonized by the lichen-forming ascomycetous order Teloschistales (Fig. 5) , however Basidiomycota predominated during the pro- The analysis was conducted on Bray-Curtis distances on the genera level (permutations = 999); values in bold are significant at P = 0.05. df = degree of freedom; SS = sum of squares; MS = mean sum of squares.
cess of decomposition in both types of twigs. Thick twigs were dominated by Tremellales and Russulales in the first year and by Agaricales later. After seven years of decomposition, however, the proportion of Ascomycota increased again (orders Helotiales and Glomerellales) in thick twigs (Fig. 5) . Thin twigs were colonized predominantly by Polyporales in the first two years of decomposition; afterwards, Agaricales prevailed. Russulales were the most abundant order in the last year of decomposition (Fig. 5) . Sequencing yielded 168 595 bacterial sequences clustering into 16 789 OTUs from which 10 693 were singletons. Contrary to fungi, bacterial species richness and diversity significantly increased in the course of decomposition in both thick and thin twigs ( Supplementary Fig. S2 , Supplementary Tables S2, S3 ). Time had the strongest effect on bacterial community composition (PERMANOVA, R 2 = 0.38, P = 0.001), followed by twig diameter (R 2 = 0.14, P = 0.002). The majority of bacteria in twigs belonged to Proteobacteria followed by Actinobacteria and Bacteroidetes. While Gammaproteobacteria were typical for the fresh woody debris, the abundance of Alphaproteobacteria and Acidobacteria increased during decomposition (Fig. 5) .
DISCUSSION
Identical mass loss of thin and thick twigs
The mass loss patterns indicate that the diameter of the twigs did not have a substantial impact on the decomposition rate. Harmon et al. (1986) described a negative correlation between size and decay of woody debris. This was invoked from different surface area-to-volume ratios. It seems, however, that a difference of 2 cm in twig diameter was not sufficient for differences to occur so that the decay rates of thin and thick twigs were almost identical in the present study. In contrast to the often observed exponential course of leaf litter decomposition (e.g. Melillo et al. 1989) , the decomposition of the wood material progressed rather linearly. Still, a slightly higher mass loss of both types of twigs was observed in the first year, reaching on average 20% (while it was ca. 10% per year later on). This increased mass loss was most probably related to the chemical composition of the fine woody debris, where the most easily available components are either leached or utilized in the beginning of decomposition (Scheu and Schauermann 1994; Ganjegunte et al. 2004) . Because the decomposition of the wood substrate proceeded relatively slowly (after seven years of decomposition, about 50% of wood mass remained) and predominantly linearly, the transfer of C from wood to the soil (or into the atmosphere as CO 2 ) is likely less intense than that of leaf litter, but more continuous over longer periods of time. Decomposition may have also been decelerated due to the litterbag method, which largely excluded macroinvertebrates from the decomposing twigs (Zhang et al. 2016) . This experimental design, however, helped us to isolate and determine the impact of microorganisms -bacteria and fungi -on twig decomposition, and their succession during that process, which was a major aim of our study.
Development and activity of microbial communities as affected by twig diameter
Although the mass loss was almost identical for both investigated twig sizes at each sampling event, we could observe differences in the development of the microbial community.
After the first year of decomposition, total PLFAs and ergosterol were higher in thin than in thick twigs. Also, the heterotrophic respiration and activity of most determined enzymes (with the exception of laccase and phosphatase) were higher in thin twigs. This implies that microbial colonization proceeded faster in thin twigs. The lower diameter and the resulting higher surface-to-volume ratio most likely increased the area accessible to microbes (Harmon et al. 1986 ). The F/B ratio of thin twigs was lower in the first year compared with thick twigs. We suppose that the higher surface-to-volume ratio of thin twigs favoured not only the development of fungi (represented by an extensive colonization by saprotrophs (Fig. 4) ), but also that of bacteria in the early stages of decomposition. The high surface area of thin twigs probably contributed to an easier release of compounds that can be taken up by bacteria. Furthermore, the larger contact area of twigs with soil provided an easier access to nitrogen contained in the soil (Van Der Wal et al. 2007) , which is known to positively influence bacterial growth (Paterson et al. 2007; Tláskal et al. 2017) . Větrovský et al. (2011) assumed that bacteria and fungi do not compete in substrate colonization, as they occupy different decomposition niches. This probably led to an intense development of the microbial community, which, as a whole, contributed to the comparatively high respiration and enzymatic activity observed in the thin twigs (Figs 2a and 3) . Microbial colonization of the thick twigs proceeded more gradually compared with the thin twigs, most probably due to the lower surface-to-volume ratio. In the first year of decomposition, a substantially lower amount of total PLFAs was determined in the thick rather than the thin twigs. As in the thin twigs, the amount of bacterial PLFAs exceeded that of the fungal PLFAs in the thick twigs, indicating the presence of easily utilizable substances leached from woody debris (Bantle et al. 2014) on which the bacteria probably fed. In the following years of decomposition, although the total PLFAs still showed similar values in both kinds of twigs, the F/B ratio indicated that fungi developed more readily on the thick twigs. These results partly contradicted the ergosterol values, showing that the thin twigs had higher concentrations of ergosterol (i.e. fungi) during the whole experiment compared with the thick twigs. This may be explained by higher amounts of total biomass associated with the thin twigs, although valid only for the first, third and fifth years of the decomposition. Further, though ergosterol and PLFA often correlate (Klamer and Bååth 2004) , some studies found a mismatch between these biomarkers (MilleLindblom, Von Wachenfeldt and Tranvik 2004; Högberg 2006) , potentially because ergosterol may persist in dead fungal cells and does not necessarily need to be closely related to fungal biomass C (Zhao, Lin and Brookes 2005) . It was also reported that ergosterol content is not always homogeneous among fungal taxa . The higher ergosterol values in the thin twigs may thus not be in contradiction with the fact that thick twigs showed relatively higher amounts of associated fungi (as indicated by the PLFA data). Moreover, the more intense development of fungi associated with the thick twigs was in accordance with the expected successional development because higher diameter decreases the surface-to-volume ratio. A large part of woody debris was thus inaccessible for bacteria and fungal growth was favoured (Van Der Wal et al. 2007; Eichlerová et al. 2015; Van Der Wal, Ottosson and De Boer 2015) .
Differences in the decomposition process were also reflected in the course of respiration and the F/B ratio in the following decomposition stages. While the respiration of thin twigs continually decreased, the respiration of thick twigs stayed constant at high levels for longer periods and decreased more slowly (Fig.  2a) , indicating more gradual decomposition in the thick twigs. Further, the F/B ratio of the thin twigs peaked earlier (in the second year) than that of the thick twigs (in the third year), while both continuously decreased in the following years. The earlier decrease of the F/B ratio in thin twigs signalized a faster shift to later stages of twig decomposition, where higher amounts of available substrate for bacterial utilization were reported (Boddy and Watkinson 1995) .
Effect of twig decay succession on microbial community composition
During twig decomposition, shifts in microbial community were pronounced, especially in fungi (Fig. 5) . The number of dominant fungal genera associated with twig wood decreased with time (Fig. 5, Supplementary Fig. S1 ), which is in contradiction to previous findings (Rajala et al. 2011) . A decrease in fungal richness may be caused by specializations of dominant fungi that favour their abundance because of their advantages in twig decomposition. This could especially be observed in the expansion of the Agaricales community at the intermediate stages of decomposition (years 2010 and 2012; Fig. 5 ). However, the biggest shift in the fungal community was recognizable after the first year of decomposition, when lichenized fungi (represented mainly by the Teloschistales order) almost disappeared and the proportion of yeast fungi and plant pathogens decreased, whereas the proportion of saprotrophs rapidly increased (particularly the previously mentioned Agaricales order). Saprotrophic fungi are generally successful colonizers of fresh litter (Lindahl et al. 2007) . Also, yeast fungi gained energy from C of plant origin. They are, however, unable to decompose complex recalcitrant polymers (Botha 2011) , which probably explains their gradual proportional decrease as decomposition proceeded (Fig. 4) . Mycoparasitism was present only after the first year of decomposition, probably as a reaction of change from living to decomposing twigs. The proportion of ectomycorrhizal fungi increased with time (Figs 4 and 5) as the decomposition proceeded and available energy sources decreased. This was especially true for thin twigs. Twigs are colonized by ectomycorrhizal fungi mainly through contact with disrupted twigs in soil (Rajala et al. 2011) , which occurs as decomposition proceeds. Ectomycorrhizal fungi usually mediate the supply of nutrients to plants, but they are also able to participate in organic matter decomposition (Read and PerezMoreno 2003; Talbot, Allison and Treseder 2008) , which is most probably connected with a selective retrieval of nitrogen (Lindahl and Tunlid 2015) . This was also the case for the genus Russula (Russulales) that was present in the seventh year in the thin twigs (Fig. 5) and previously detected as a cellulolytic member of the fungal community, though belonging to ectomycorrhizae (Voříšková and Baldrian 2013) . In accordance with the F/B ratios, the proportional increase of ectomycorrhizal fungi observed in thin twigs thus signalizes that the fungal community had already adapted to the later stages of decomposition (Lindahl et al. 2007; Baldrian et al. 2016; Baldrian 2017) . This was further supported by the presence of the Helotiales order, which was also described as characteristic for late stages of decomposition (Lindahl et al. 2007) .
Bacterial communities were more diverse than fungal communities and their diversity even increased with time (Fig. 5,  Supplementary Fig. S2 ), being in agreement with the observations of Urbanová,Šnajdr and Baldrian (2015) . Although the bacterial community showed less pronounced changes during decomposition, the decreasing share of fast-growing Gammaproteobacteria and the increasing share of Acidobacteria and Alphaproteobacteria during decomposition indicates a chemical change of the substrate. While Gammaproteobacteria are often fast-growing r-strategists, preferring substrates with easily accessible nutrients, Acidobacteria and Alphaproteobacteria both belong to slow-growing taxa that associate with oligotrophic environments (Lladó et al. 2016; Lladó, López-Mondéjar and Baldrian 2017) . Microbial community composition could thus provide indirect information on changes in substrate quality during decomposition.
In summary, although different surface-to-volume ratios of thin and thick twigs did not notably affect decomposition rates over a seven-year period, we observed quite large differences in microbial community abundance and composition. Thin twigs showed a faster microbial colonization and the microbial community was richer in bacteria compared with that associated with thick twigs. Opposite to that, fungal growth was more pronounced on thick twigs. Overall, the successive changes in microbial community composition seemed to be faster when associated with thin twigs.
Our results thus indicate that surface-to-volume ratios may have a limited predictive power for twig decomposition, as different microbial communities/successions may result in a similar relative mass loss.
